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PROBLEM TO BE SOLVED: To provide an organic light-emitting diode device tliat has a 
high displaying contrast. 

SOLUTION: This is an organic light-emitting diode device having a high contrast that 
comprises (a) a transparent substrate, (b) an anode made of a transparent conductive 
material that is provided on the substrate, (c) an luminous layer containing an 
electroluminescent material that is provided on the anode, (d) a low-absorption ultra-thin 
electron injected layer that is provided on the luminous layer, (e) an intermediate layer 
containing a semimetal, metal, alloy or an intermetallic compound that is provided on the low- 
absorption ultra- thin electron injected layer, and (f) a reflective material layer that is provided 
on the intermediate layer, and (g) has chosen the thickness of the intermediate layer in such a 
manner as to make the contrast high. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] (a) A transparence substrate and (b) The anode made with the transparent 
conductive ingredient prepared on this substrate, (c) The luminous layer containing the 
electroluminescence ingredient prepared on this anode, (d) The low absorptivity ultra-thin 
electronic injection layer formed on this luminous layer, and (e) With the interlayer containing 
the semimetal and the metal which were prepared on this low absorptivity ultra-thin electronic 
injection layer, an alloy, or an intermetallic compound (f) It changes including the reflexibility 
ingredient layer prepared on this interlayer, and is (g). Organic high light emitting diode device 
of the contrast characterized by selecting this interlayer's thickness so that contrast may 
become high. 

[Claim 2] (a) A transparence substrate and (b) The anode made with the transparent 
conductive ingredient prepared on this substrate, (c) The hole injection layer and electron hole 
transporting bed which were prepared on this anode, and (d) The luminous layer containing 
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the electroluminescence ingredient prepared on this electron hole transporting bed, (e) The 
electron transport layer prepared on this luminous layer, and (f) The low absorptivity ultra-thin 
electronic injection layer formed on this electron transport layer, (g) With the interlayer 
containing the semimetal and the metal which were prepared on this low absorptivity ultra-thin 
electronic injection layer, an alloy, or an intemnetallic compound (h) It changes including the 
reflexibility ingredient layer prepared on this interlayer, and is (i). Organic high light emitting 
diode device of the contrast characterized by selecting this interlayer's thickness so that 
contrast may become high. 

[Claim 3] (a) A transparence substrate and (b) The anode made with the transparent 
conductive ingredient prepared on this substrate, (c) The hole injection layer and electron hole 
transporting bed which were prepared on this anode, and (d) The luminous layer containing 
the electroluminescence ingredient prepared on this electron hole transporting bed, (e) The 
electron transport layer prepared on this luminous layer, and (f) With the interlayer containing 
the semimetal and the metal which were prepared on this electron transport layer, an alloy, or 
an intemnetallic compound (g) It changes including the reflexibility ingredient layer prepared on 
this interlayer, and is (h). The electron injectional dopant which fully moves in order to offer 
electron injection relation between this reflexibility ingredient layer and this luminous layer is 
doped in this reflexibility ingredient layer. And the organic high light emitting diode device of 
the contrast characterized by selecting this interlayer's thickness so that contrast may become 
high. 

[Claim 4] (a) The process which offers the reflecting layer which kept a transparence substrate 
and spacing and was put in order, (b) The process and (c) which prepare the anode made with 
the transparent conductive ingredient on this substrate The process and (d) which prepare the 
luminous layer containing an electroluminescence ingredient on this anode Between this 
reflecting layer and this luminous layer It is (e) to the process and list which prepare the 
interlayer containing semimetal, a metal, an alloy, or an intermetallic compound. By making an 
ultra-thin electronic injection layer deposit between this interlayer and this luminous layer Or by 
offering the dopant containing the alkali metal or alkaline earth metal which fully moves in 
order to offer electron injection relation between this reflecting layer and this luminous layer in 
this reflecting layer The manufacture approach of the organic high light emitting diode device 
of the contrast characterized by changing including the process which offers the electron 
injection nature to this luminous layer. 



[Translation done.] 
* NOTICES * 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the organic high 

light emitting diode device of contrast, and such a device. 

[0002] 

[Description of the Prior Art] Although the organic electroluminescence (OEL) device is known 
also as an organic light emitting diode (OLED) device, it is useful in a flat panel form display 
application. When it can design so that the high red. green, and blue of brightness 
effectiveness may be obtained, driver voltage has the charm of this luminescence equipment 
in about 2-3 volts and a point low observable from a slanting include angle. Such a unique 
attribute originates in the basic OLED structure which considers as a configuration the 
multilayer stack which put the thin film of a Idw-molecular organic material between the hole 
injection layer and the electronic Injection layer. Such structure is indicated by Tang's and 
others U.S. PaL No. 4,769,292 and 4,885,211. The most common electroluminescence (EL) 
medium considers the two-layer structure of the electron hole transporting bed (HTL) which 
generally has the thickness of 20 - 30 nm extent, respectively, and a luminescence/electron 
transport layer (EML/ETL) as a configuration. An anode, i.e., the electrode for hole injections, 
is usually translucency indium stannic acid ghost (ITO) glass, and it works also as a substrate 
of OLED. The low metal layer of a work function is selected by the cathode of the device 
concerned, i.e., an electronic notes necessary electrode. The device concerned emits the light 
according to the potenfial difference impressed by carrying out the diameter of the EL medium. 
This light is emitted towards all directions. Among those, it is reflected and the part which hit 
the cathode front face Is turned in the direction of an anode. For this reason, the luminous 
intensity which passes ITO glass increases. Thus, since the brightness of luminescence is 
promoted, a cathode with high reflective power is desirable. However, a high reflexibility 
cathode canies out the considerable-amount echo of the ambient light by which close comes 
to the device concerned through ITO glass simultaneously. When lighting level is high, the 
reflected ambient light may overwhelm EL luminescence and it may seem that luminescence is 
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falling seemingly. Luminescence fades in an observer and it is visible to lilm. How for it to be 
visible the more, tlie more surrounding lighting becomes bright fades further, and the contrast 
on vision falls. In many applications, it is especially common in the outdoors or the bright 
interior of a room of lighting for the contrast on vision to be more important than luminescence 
reinforcement. In many applications, it is required that a display can be easily seen but [ a 
little ] under [ various / with the sunlight from a pitch-black situation to / various / a dazzling 
situation ] ambient conditions. One of the approaches of raising visual contrast is the approach 
of suppressing the echo from a cathode. 

[0003] The approach of using a polarizer, especially a circular polarization of light child at the 
outside surface of a transparence substrate is one of those [ **** / things / as an approach ] 
which stop a glare. However, this approach will need the joint process of the addition which 
does not suit an OLED manufacture process, and will cause the increase of considerable cost. 
Furthermore, a polarizer will reduce luminescence reinforcement remarkably. 
[0004] According to the option which Luxell Technologies (Journal of Military and Aerospace 
Electronics, Vol.9, No.6, and June 1998) indicated, the inorganic luminescence (EL) display on 
which the glare was stopped and the ease of reading under sunlight has been improved is 
obtained. The interference structure optically adjusted between back plates and 
phosphorescence ingredients with the gloss of EL stack is put. This interference structure is 
named "the daylight ******** black layer (sunshine legible black layer)", and consists of the 
vacuum evaporationo layer of an absorptivity dielectric. The display of 14% of reflection factors 
was obtained by this technique. 

[0005] There is an option which prepares and uses n mold oxygen-deficiency semi-conductor 
layer of ZnO 1-x on an ultra-thin LiF/aluminum bilayer fonn cathode as an interference 
adjustment layer. The structures of the device concerned are ITO/NPB/Alq/LiF/aluminum/85nm 
ZnOI-x/aluminum. This device is also substantially pressed down for reflective power from the 
standard device. 

[0006] A reflex-inhibition ingredient must make thickness of an interference adjustment layer 
the thing of 100 nm extent in many cases, in order to stop reflective power as much as 
possible. In order to manufacture the such type structure, vacuum evaporationo time amount 
must be extended inevitably. Moreover, in order to prepare so that the optical property can 
reproduce an interference adjustment layer and it can predict, it is also clear that the vacuum 
evaporationo variable of these types of ingredient must be controlled strictly. Furthermore, 
these devices may lack in the stability over a long period of time potentially. Thermodynamic 
data have suggested possibility that aluminum will return ZnO 1-x. aluminum 203 which is 
easy to form by the ZnOI-x/aluminum interface concerned may worsen the operating voltage 
of a device. No data about the stability of these devices are reported. 
[0007] Renault et al (O.Renault, O.V.Salata, M M.Chells, P.J.Dobson, V.Christou [Thin Solid 



file://C:\Documents and Settings\arobinson\Local Settings\Temp\notes335BF6\4. JP2002-.. 



10/9/2007 



JP-A-2002-343573 



Page 6 of 19 



Films 379 (2000) 195-198]) has indicated the low reflective power multilayer cathode in which 
a chance that the contrast of OLED will be improved is shown. The structure of the device 
concerned includes a light absorption carbon thin film between a translucent electron injection 
Mg thin layer and aluminum upper layer. The reflection factor of a low reflective power cathode 
was 58% in 550 nm. The reflection factor which the standard cathode which consists of 
alumlnum:Mg (10:1) shows was -100% In 550 nm. There was almost no difference in the 
current and the voltage characteristic of these two sorts of devices. Contrast is influenced by 
luminescence reinforcement and perimeter lighting, although it is required to reduce reflective 
power in order to improve contrast. EL values on the strength in 22V to which the standard 
device and the low reflective power device are reported are 130 cd/m2 and 68 cd/m2, 
respectively. When the reflective power value and brightness value which are reported are 
used according to the definition of their contrast, buildup of the contrast which exceeds the 
contrast of a standard device from the low reflective power device concerned must have been 
expected at all. 
[0008] 

[Problem(s) to be Solved by the Invention] Therefore, the object of this invention is by having 
suppressed the echo from a reflecting layer to offer the new OLED device which raised the 
contrast of a display. By having suppressed the echo from a reflecting layer, another object of 
this invention is the advanced OLED device which raised the contrast of a display, and is to 
offer what employed the interlayer as the device structure concerned. 
[0009] By having suppressed the echo from a reflecting layer, another object of this invention 
is the advanced OLED device which raised the contrast of a display, and is to offer what 
adopted semimetal, a metal, intermetallic compounds, or these alloys as the interlayer 
ingredient concerned. By having suppressed the echo from a reflecting layer, another object of 
this invention is the advanced OLED device which raised the contrast of a display, and is for 
the interlayer concerned to offer a very thin thing. 
[0010] 

[Means for Solving the Problem] The above-mentioned object is (a). A transparence substrate 
and (b) The anode made with the transparent conductive ingredient prepared on this substrate, 

(c) The luminous layer containing the electroluminescence ingredient prepared on this anode, 

(d) The low absorptivity ultra-thin electronic injection layer formed on this luminous layer, and 

(e) With the interlayer containing the semimetal and the metal which were prepared on this low 
absorptivity ultra-thin electronic injection layer, an alloy, or an intermetallic compound (f) It 
changes including the reflexibility ingredient layer prepared on this interlayer, and is (g). It is 
attained by the organic high light emitting diode (OLED) device of the contrast characterized by 
selecting this interlayer's thickness so that contrast may become high. 

[001 1] The further above-mentioned object is (a). A transparence substrate and (b) The anode 
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made with the transparent conductive ingredient prepared on this substrate, (c) The luminous 
layer containing the electroluminescence ingredient prepared on this anode, (d) With the 
interlayer containing the semimetal and the metal which were prepared on this luminous layer, 
an alloy, or an intermetallic compound (e) It changes including the reflexibility ingredient layer 
prepared on this interlayer, and is (f). The electron injectional dopant which fully moves in 
order to offer electron injection relation between this reflexibility ingredient layer and this 
luminous layer is doped in this reflexibility ingredient layer. And it is attained by the high OLED 
device of the contrast characterized by selecting this interlayer's thickness so that contrast 
may become high. 
[0012] 

[Embodiment of the Invention] In the following explanation, in order to show the various layer 
names and operating characteristic of an organic light emitting diode device, an acronym is 
used. An acronym is listed to a table 1 for reference. 
[A table 1] 



[0013] Drawing 1 is referred to here. The OLED device 100 by this invention changes including 
the transparence substrate 101 , the transparence anode 102, a hole injection layer (HIL) 103, 
the electron hole transporting bed (HTL) 104, a luminous layer (EML) 105, an electron 
transport layer (ETL) 106, an interlayer (IL) 108, and reflecting layer 109a or 109b. As for an 
interlayer 108, it is desirable that the semi-conductor metal prepared on the low absorptivity 
ultra-thin electronic injection layer, a metal, an alloy, or an intermetallic compound is included. 
This interlayer's thickness is selected so that contrast may become high. In the mode of 
drawing 1 (a), the electronic injection layer 107 (a cathode layer is called hereafter) is fomied 
on the ETL layer. In the mode of drawing 1 (b), the electron injection element which is spread 
in reflecting layer 109b to the front face of ETL, and pours an electron into it is contained. 
About the mode of drawing 1 (a), it was specified that it is desirable that within the limits of 0.2 
- 1 0 nm has ultra-thin thickness as for the cathode layer concerned. On the occasion of 
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actuation, the reflecting layer and anode which are electrically connected to the cathode layer 
are connected to a power source 1 1 0 with a conductor 111, and an OLED device produces 
luminescence, i.e., electroluminescence, by passing a current to these organic layers. This 
electroluminescence is observable from a substrate side. Depending on the amount of currents 
which passes through the inside of the OLED device 100 as a result, it will depend for the 
reinforcement of electroluminescence on the charge impregnation property of a contact 
electrode at the brightness and the electrical property of the organic layer concerned, and a 
list. 

[0014] Hereafter, the presentation and function of various layers which constitute an OLED 
device are explained. A substrate 101 can contain glass, a ceramic, or plastics. Since an 
elevated-temperature process is not needed for manufacture of an OLED device, if the 
processing temperature of about 100 degrees C can be borne, with any substrates, it becomes 
useful and almost all heat-resistant plastics is included by this. As a gestalt of a substrate, a 
hard plate, a flexibility sheet object, or a curvilinear solid is possible. The base material 
possessing the electronic back plane containing an electronic address switch component, for 
example, active mold substrate **, may be included by the substrate 101. As an example of 
such an active mold substrate, a substrate with an elevated-temperature polish recon thin film 
transistor, a substrate with a low-temperature polish recon thin film transistor, a substrate with 
an amorphous silicon transistor, or the substrate with a thin film transistor of arbitration is 
mentioned. If it is this contractor, it can recognize about the object for the addresses of an 
OLED device, and other circuit elements for actuation. 

[0015] An anode 102 offers the function to inject an electron hole into the organic layer 
concerned, when forward potential is impressed to OLED by relation with a cathode layer. For 
example, forming in U.S. Pat. No. 4,720,432 the anode in which the indium stannic acid ghost 
(ITO) was excellent since the work function was comparatively high is shown. Since the ITO 
thin film itself is transparent, ITO coat glass serves as a base material which was excellent for 
manufacture of an OLED device. As other suitable anode ingredients, the thin film of alloy ** of 
the high metal of a work function, for example, Au(s), Pt(s), and Pd, and these metals is 
mentioned. 

[0016] A hole injection layer (HIL) 103 offers the function which raises the hole-injection 
effectiveness from an anode to an organic layer. For example, the compound of a 
PORUFORIN system or a phthalocyanine system is useful as a hole injection layer to U.S. Pat. 
No. 4,885,211, and it is indicated that brightness effectiveness and stability of operation 
improve. CFx (0< x<=2) which is the fluorination polymer vapor-deposited with plasma vacuum 
deposition as other suitable HIL ingredients is mentioned. About the method of preparation and 
the property of CFx, it is indicated by the United States patent application 09th of Hung and 
others common to an assignee / No. 186,538 [the name "the organic electroluminescence 
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device (Organic Electroluminescent Device With a Non-Conductive Fluorocarbon Polymer) 
containing a non-conductive fluorocarbon system polymer" of filing-date-of-application 11 
month 5 day; invention], and the disclosure matter concerned is used as some of these 
descriptions. 

[0017] The electron hole transporting bed (HTL) 104 offers the function to convey an electron 
hole to a luminous layer (EML) 105. Various kinds of aromatic amines which are indicated by 
U.S. Pat. No. 4,720,432 common to an assignee are contained in an HTL ingredient. The tetra- 
arylamines of a bottom type (I) are mentioned as an HTL Ingredient of a suitable class. 
[0018] 
[Formula 1] 



[0019] Ar, Arl, Ar2, and Ar3 are respectively chosen from a phenyl part, a biphenyi part, and a 
naphthyl part independently among a top type, L is a divalent naphthalene part or dn, d is a 
phenylene part, and n is the integer of 1-4, and at least one of Ar, Arl , Ar2, and the ArS is a 
naphthyl part. 

[0020] The example of useful selected aromatic series (fused aromatic ring is contained) 
tertiary amine is as follows. 

4 and 4'-screw [N- A (l-naphthyl)-N-phenylamino] biphenyi 4 4"-screw [N- (NPB) (1-naphthyl)- 
N-phenylamino]-p-terphenyl 4 and - bis[N-(2-naphthyl)-N-phenylamino] biphenyi 1 and 4 '5-bis 
[N-(1-naphthyl)-N-phenylamino] naphthalene 4 and 4'-screw [N- The (2-pyrenyl)-N- 
phenylamino] biphenyi 4, the - bis[N-(2-peri RENIRU)-N-phenylamino] biphenyi 2, 6-bis(G p- 
tolylamino) naphthalene 2, 4' bis[ 6-] [G (1-naphthyl) amino] naphthalene [0021] Drawing 1 (a) 
and the luminous layer 105 of (b) offer the function which emits light as a result which an 
electron hole and an electron recombine within this layer. The suitable embodiment of a 
luminous layer dopes one or more sorts of fluorochromes into a host ingredient. If this host- 
dopant presentation is adopted, an efficient OLED device can be built. In reflecting layer 109b, 
in order to offer electron injection relation between reflecting layer 109b and a luminous layer 
105, the electron injectional dopant which fully moves must be doped. This interlayer's 
thickness is selected so that contrast may become high. Although to dope to reflecting layer 
109a is not required, either, it is possible. It can adjust by using simultaneously two or more 
fluorochromes from which luminescence wavelength differs the color of EL device in a 
common host ingredient The dopant plan for the OLED device which uses Alq for Tang's and 



file://C:\Documents and Settings\arobinson\Local Settings\Temp\notes335BF6\4. JP2002-... 10/9/2007 



JP-A-2002-343573 



Page 10 of 19 



others U.S. Pat. No. 4,769,292 common to an assignee as a host ingredient is considerably 
indicated by the detail. A luminous layer can contain the ingredient doped [ green 
luminescence ], the ingredient doped [ blue luminescence ], or the ingredient doped [ red 
luminescence ] as indicated by Tang's and others U.S. Pat. No. 4,769,292. 
[0022] A group of eight-quinolinol metal chelate compound is contained in a suitable host 
ingredient. The chelation metals in that case are aluminum, Mg, Li, and Zn. As another group 
of a suitable host ingredient, 9 which is indicated by Shi's and others U.S. Pat. No. 5,935,721, 
10-dinaphthyl anthracene, 9, 10-JIAN tolyl anthracene and the alkylation mold 9, and an 
anthracene derivative like 10-dinaphthyl anthracene are mentioned. 
[0023] The coloring matter of fluorescence and phosphorescence and most pigments are 
included by the dopant ingredient. A dicyanomethylene pyran like the coumarins like the 
coumarin 6 which is indicated by Tang's and others U.S. Pat. No. 4,769,292 and Chen's and 
others U.S. Pat. No. 6,020,078 as a suitable dopant ingredient, and 4-dicyanomethylene-4H 
pyran etc. is mentioned. 

[0024] The electron transport layer 106 of drawing 1 (a) offers the function to convey the 
electron poured in from the cathode layer 107 to a luminous layer 105. As a useful ingredient, 
Alq and bends azole which are indicated by Shi's and others U.S. Pat. No. 5,645,948 are 
mentioned. 

[0025] The cathode layer 107 of drawing 1 (a) contains an electron injectional bilayer form 
element like LiF/aluminum. Moreover, low work function alloy [C. like a monolayer-like low 
work function metal or Mg:Ag What doped Li can raise the electronic injection efficiency to an 
ETL layer to the front face of W.Tang and S.A.VanSlyke, Appl.Phys.Lett.51, 913] (1987), or an 
electron transport layer [Junji Kido and Toshio Matsumoto, Appl.Phys.Lett.73, and 2866 
(1998)]. The work function of the cathode layer 107 (refer to drawing 1 a) is within the limits of 
2-4 volts. In order to interact with an interlayer 108 optically, the cathode layer should be made 
the desirable thing which has high light transmittance. 

[0026] An interlayer 108 contains semimetal, a metal, intemrietalllc compounds or those alloys, 
for example, germanium, Se, and Te, GeTe, W and Mo, or the conductive translucent layer of 
Ta**. The thickness which minimum-ization of reflective power takes is usually thin, and this 
becomes useful on manufacture. 

[0027] Reflecting layer 109a of drawing 1 (a) and reflecting layer 109b of drawing 1 (b) are 
high reflexibility, and it is desirable that it is conductivity. The alloy which contains one or more 
sorts of these metals in a metal list like Ag, aluminum, Au, and Cu as a principal component is 
contained in these. Reflecting layer 109b of drawing 1 (b) must contain further an electron 
injectional dopant from which the electronic notes incoming connection to an ETL layer is 
obtained. Although it is desirable that alkali metal or an alkaline earth metal is included as for 
such a dopant metal, it should have the ingredient in within the limits whose work function is 2- 
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4 volts anyway. 

[0028] Although it is thought that drawing 1 (a) and the mode of (b) are suitable, if it is this 
contractor, it can recognize that the device which does not use a hole injection layer 103, the 
electron hole transporting bed 104, and an electron transport layer 106 can also be 
manufactured. If it is this contractor, it can recognize that a luminous layer can be selected so 
that an electron hole transport function and an electronic transport function may be included, 
and that an anode layer may function as a hole injection layer. In such a case, although a 
device requires a luminous layer 105, layers 103, 104, and 106 are not needed. 
[0029] 

[Example] In the following examples, a table 1 should be referred to about the suitable function 
of the layer con^esponding to the listed acronym. The layer which constitutes OLED on it was 
deposited on the substrate using ITO coat glass. The structure, the thickness, and the engine 
performance of the device concerned are shown in a table 2 - a table 5. HTL and EML/ETL 
were vapor-deposited by one reduced pressure operation using the vacuum coating machine. 
Subsequently, these samples were moved to the Plasmatron multifunctional rnold vacuum 
evaporationo system (it has the engine perfomiance with which a spatter list is coated by 
resistance and the e-beam heating method, without interrupting a vacuum), and all the layers 
that remain there were vapor-deposited. Finally, airtight enclosure of the device was carried 
out in the glove compartment filled up with desiccation nitrogen. Photo Research PR 650 
spectrophotometer was used for the brightness of a device, and it measured it as a function of 
a current. The brightness L of the device shown in tables 2-5 (cd/m2) puts the value when 
passing the current equivalent to 20 mA/cm2 to a device, and V (bolt) is the driver voltage after 
compensating the voltage drop by the ITO resistance under these conditions. The reflection 
factor of a device was measured through the substrate using Filmetrics F 20 which is a thin 
film measuring device. The measuring device was proofread in advance of measurement, 
using a single crystal Si wafer as a preparation. The reflection factor shown in each table is a 
value in 525 nm near Alq luminescence wavelength. 

[0030] Contrast C is defined by this description as a ratio to the amount of effective 
luminescence at the time of concerned device un-operating [ of the amount of effective 
luminescence at the time of the device actuation concerned ], and is computed by the following 
fonmula. 

Le is the device brightness in a pitch-black environment among a C=(Le+LaR)/LaR top type, 
and La is ambient-light reinforcement, and R is a device reflection factor. The contrast shown 
in tables 2-5 is a value in case ambient-light reinforcement is 80 cd/m2. 
[0031] The structure, the thickness, and the engine performance of a device of the lot 
manufactured by one operation are shown in example 1 table 2. A device 10 is a standard 
device which has the LiF/aluminum bilayer form cathode which comes to cany out e-beam 
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vacuum evaporationo of the aluminum layer on the ultra-thin LiF film, germanium interlayer 
was prepared between the ultra-thin LIF/aluminum cathode and the reflecting layer in all the 
other devices 11-15. The vocabulary "an ultra-thin electronic injection layer" puts the thing of 
the electronic injection layer 107 ( drawing 1 a) which has thickness within the limits of 0.2-10 
nm. It is appropriate for this thickness that it is within the limits of 1-5nm, and it is desirable. An 
electronic injection layer 107 needs to be a low absorptivity layer, i.e., for a part of light to pass 
****. It means that the vocabulary "low absorptivity" is 25% or more in the target wavelength 
[ permeability / of the electronic injection layer 107 concerned ]. The reflecting layer of these 
devices was taken as the heat evaporation layer of Ag. After a device reflection factor falls with 
the increment in germanium interlayer's thickness and reaches 12.6% of minimum values near 
9.5 nm at the beginning, it rises with an interlayer's thickness, so that a table 2 and drawing 2 
may show easily. In order that the middle class's thickness may reduce a device reflection 
factor and may raise contrast, it is selected within the limits of 3-30nm. However, as shown in 
drawing 3 , it became clear that it is very desirable to make an interlayer's thickness into within 
the limits of 6-12nm when raising contrast. Furthermore in a table 2, the device for contrast 
and reflection factor lowering mold device (following and dark cathode device) should also care 
about that almost equivalent driver voltage's having been shown and the middle class 
concerned do not cause brightness lowering by devices other than the operation by decline in 
a device reflection factor. As shown in drawing 2 , brightness follows the device reflection 
factor in general. This is because the amount contributed of a dark electrode to the whole 
brightness decreases. Furthermore, it should also care about that remarkable lifting of contrast 
is not necessarily what was attained by decline in a reflection factor. For example, although, as 
for the device 1 1 of a table 2, the lowering width of face of a reflection factor exceeds 20%, 
contrast lifting is only 30%. In the example shown In a table 2, in order to raise contrast twice 
[ about ], it is admitted that a reflection factor must be reduced farther than one half. 
[0032] 
[A table 2] 
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[0033] The structure, the thickness, and the engine performance of a device of the lot 
manufactured by another operation are shown in example 2 table 3. In ****, the thickness of 
Alq was changed and the device with which driver voltages differ was manufactured, 
germanium interlayer of fixed thickness 10 nm was prepared between the ultra-thin 
LiF/aluminum cathode and the reflecting layer about ail the devices 201-206. The spatter of the 
reflecting layer of a device was carried out from Ag target. It turns out easily that the reflection 
factor of the device concerned fell notably by the interlayer. Moreover, the reflection factor 
should also care about not being strongly influenced by the thickness of Alq. Although this 
must select an interlayer's thickness so that contrast may become the highest, it suggests that 
this method is effective in a low-battery actuation device and a high-tension actuation device. 
[0034] 
[A table 3] 
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[0035] The structure, the thickness, and the engine performance of a device of another group 
which manufactured by the same operation are shown in example 3 table 4. The cathode of a 
standard device was made into the LiF/aluminum bilayer form, and the cathode of a high 
contrast device was made into the ultra-thin LiFA' bilayer form. The reflecting layer of a device 
302 considered as the e-beam evaporation mold aluminum layer, and, on the other hand, 
prepared the spatter mold Ag reflecting layer in the high contrast device 303. Although devices 
302 and 303 had an organic layer and same germanium middle class, they showed a reflection 
factor with the device 303 containing Ag reflecting layer lower than the device 302 containing 
aluminum reflecting layer, and high contrast. 
[0036] 
[A table 4] 
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[0037] The structure, the thickness, and the engine performance of a device of another group 
which manufactured by the same operation are shown in example 4 table 5. The cathode of 
the conventional device 401 was made into the LIF/aluminum bilayer form also here again, 
germanium interlayer's thickness was changed in a series of devices. However, the middle 
class deposited directly on ETL of devices 402-404. The cathode of these devices was formed 
by carrying out the spatter of the silver alloy which does 4 mass % content of Li on ETL. 
Contrast became high while the device reflection factor fell by having prepared germanium 
middle class, although it is because the driver voltage of these devices probably has 
comparatively low ****** injection efficiency and it became high rather than the driver voltage of 
a standard device. 
[0038] 
[A table 5] 




[0039] The advantage by a table 2 - a table 5 having included the thin interlayer in the OLED 
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structure is shown. Although it is almost changeless to driver voltage, as a result of a reflection 

factor's falling notably, contrast becomes high 3 times. 

[0040] 

[Effect of the Invention] The OLED device by this invention is advantageous in the point that 
contrast becomes high substantially, as compared with the device which has equivalent 
structure except for the middle class not being contained by suppressing the device echo of an 
ambient light notably. Moreover, the OLED device by this invention is advantageous also in the 
point of having a very thin conductive interlayer. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 

original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the schematic drawing showing the layer system of the various OLED device 
modes manufactured by this invention. 

[Drawing 2] It is the graph which plotted brightness and a reflection factor to an interlayer's 
thicl<ness. 

[Drawing 3] It is the graph which plotted contrast to an interlayer's thickness. 

[Description of Notations] 

1 GO - Organic light emitting diode (OLED) device 

101 - Transparence substrate 

1 02 - Transparence anode 

103 - Hole injection layer (HIL) 

104 -- Electron hole transporting bed (HTL) 

105 - Luminous layer (EML) 

106 - Electron transport layer (ETL) 

107 -- Electronic injection layer (EIL) 
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108- Interlayer 
109 - Reflecting layer 
110- Power source 
1 1 1 - Conductor 



[Translation done.] 
* NOTICES * 
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2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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